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(P.D.E.) $\{\begin{array}{l}\frac{\partial}{\partial W}U(x,y)=A\frac{\partial}{\partial y}U(x,y)U(0,y)=U_{0}(y)\end{array}$
( $A$ $L\cross L$ $U_{0}(y)$ $L-$ )
Euler







$A$ C\omega $\Delta x/\Delta y$
$U_{0}(y)$ $\=0$
$U_{0}(y)= \sum^{\infty}y^{p}U0,P$ ( $U0,p$ $L-$ ’ )
$p=0$
$\Vert U_{0},p\Vert\leq M_{0^{}}r_{0}^{p}$ $p=0,1,2,$ $\ldots$
$(x, y)\in R^{2}$ $(x>0)$ $\Delta x>0$ $\Delta y\neq 0$
$j(x)=[x/\Delta x]$ $k(y)=[y/\Delta y]$ $\kappa=\Delta x/\Delta y$
(F.D.$E.$ ) $\tilde{U}$ $\tilde{U}(j(x)\Delta x, h(y)\Delta y)$ $\hat{U}(x, y;\Delta x, \Delta y)$
$\Gamma(x, y)$ $(0,0)$ $\hat{U}(x, y;\Delta x, \Delta y)$ $\Delta x,$ $\Delta y$ $arrow$ $0$
(P.D.$E.$ ) $U(x, y)$
$y^{p}U_{0,p}$ $U_{0,p}(y)$ $U_{0}(y)$ . $=$ $U_{0,p}(y)$ (P.D.$E.$ ) $U_{p}(x, y)$
$U_{0}(y)=$





$\hat{U}(j\Delta x,y)=C(\Delta x, \Delta y)^{j}U_{0}(y)$
$=\{(I-\kappa A)+\kappa AT_{\Delta y}\}^{j}U_{0}(y)$
$= \sum_{l=0}^{j}(\begin{array}{l}jl\end{array})(I-\kappa A)^{j-l}(\kappa A)^{l}T_{\Delta y}^{l}U_{0}(y)$
$= \sum_{l=0}^{j}(\begin{array}{l}jl\end{array})(I-\kappa A)^{j-l}(\kappa A)^{l}(y+l\Delta y)^{p}$
:
$\hat{U}(x,y;\Delta x, \Delta y)=\sum_{q=0}^{p}(\begin{array}{l}pq\end{array})\sum_{l=0}^{j(x)}(\begin{array}{l}j(x)l\end{array})(I-\kappa A)^{j-l}(\kappa A)^{l}k(y)^{p-q}l^{q}\Delta y^{p}U_{0,p}$
$S_{j,q}( \xi, \eta)=\sum_{l=0}^{j}(\begin{array}{l}jl\end{array})l^{q}\xi^{j-l}\eta^{l}$
Lemma For a positive integer $j$ and a non-negative integer $q$ , we have
$S_{j,q}( \xi,\eta)=\sum_{=1}^{{\rm Min}(j_{1}q)}\frac{j!}{(j-s)!}c_{q_{l}},(\xi+\eta)^{j-\iota}\eta$ ,
where coefficients $c_{p}$ ,, are non-negative integers independent of $j,\xi,$ $\eta$ and satisfy
$1\leq c_{q,\ell}\leq s^{q-\iota}(\begin{array}{ll}q -18 -1\end{array})$ $q\geq s$ .
$c_{q+1,1}=c_{q,1}=1$ , $c_{q+1,q+1}=c_{q,q}=1$
$\hat{U}(x, y;\Delta x,\Delta y)=\sum_{q=0}^{p}.\sum_{\ell=1}^{Mln(j(x),q)}V_{p,q,\ell}(x,y;\Delta x, \Delta y)U_{0,p}$




$V_{p,q,\iota}(x, y; \Delta x, \Delta y)=(\begin{array}{l}pq\end{array})\frac{j(x)!}{(j(x)-s)!}c_{q,\iota}\Delta x’A^{\cdot}\{k(y)\Delta y\}^{p-q}\Delta y^{q-l}$
$\Delta xarrow 0$ , $\Delta yarrow 0$
$j(x)arrow\infty$
$j(x)\Delta xarrow x$ , $h(y)\Delta yarrow y$
$V_{p,q},.(ae, y;\Delta x, \Delta y)$ $arrow$ $\{\begin{array}{l}(_{q}^{p})y^{p-q}(xA)^{q}s=q0s<q\end{array}$
$\hat{U}(x, y;\Delta z, \Delta y)arrow\sum_{q=0}^{p}(\begin{array}{l}pq\end{array})y^{p-q}(xA)^{q}U_{0,p}=U_{p}(x, y)$ \tilde
$U_{0}(y)$ $p$
$p=\infty$
$||V_{p,q,\prime}(x, y; \Delta x, \Delta y)||\leq(\begin{array}{l}pq\end{array})(\begin{array}{ll}q -1s -1\end{array})( \frac{x}{|\kappa|})^{q-}|y|^{p-q}(x||A||)’$
$1\leq\ell\leq{\rm Min}(j(x), q)$
Friedrichs
$\tilde{U}(x+\Delta x,y)=2^{-1}(I-\frac{\Delta x}{\Delta y}A)\tilde{U}(x,y-\Delta y)+2^{-1}(I+\frac{\Delta x}{\Delta y}A)\tilde{U}(x, y+\Delta y)$
Lax-Wendroff
$\tilde{U}(x+\Delta x,y)=2^{-1}((\frac{\Delta x}{\Delta y})^{2}A^{2}-\frac{\Delta x}{\Delta y}A)\tilde{U}(x,y-\Delta y)+(I+\frac{\Delta x}{\Delta y}A^{2})\tilde{U}(x,y)2$





Lemma For a positive integer $j$ and a non-negative integer $q$ , we have
$R_{j,q}( \xi,\eta, \zeta)=\sum_{l_{1}+l_{2}\leq q}a_{,\prime_{2},j,q},_{1}(\dot{\xi}-\zeta)^{\prime_{1}}\eta^{*2}(\xi+\eta+\zeta)^{j-\iota_{1}-l_{2}}$
where coefficients $a_{\ell_{1,2},j,q}$ are non-negative integers independent of $j,$ $\xi,$ $\eta$ , \langle and satisfy
$|a_{,\iota_{2},j,q},_{1}|\leq 3^{q}j^{q-1}{\rm Min}(j, q)$ for $s_{1}+s_{2}\leq p$ and $s_{1}\neq p$ .
$a_{q_{r}0,j,q}$ $=$ $\frac{j!}{(j-q)!}$
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